The purpose of this study was to evaluate the relationship between obesity and dental caries in young children.
Ⅰ. Introduction
Dental caries is the most prevalent dental disease, ultimately causing tooth loss. It is a chronic disease in all age groups, but especially in children and adolescents 1) .
Obesity is also a chronic disease that can affect all ages; its prevalence has increased steadily for many years 2) . Obesity in childhood is prone to affect physical condition in adulthood [3] [4] [5] [6] [7] [8] . Dental caries and obesity have something in common that early care and education from childhood are required to prevent those diseases and ensure a healthy adulthood. According to the 5 th Korean
National Health and Nutrition Examination Survey (KNHANES) in 2012, the prevalence of obesity increased from 26 .5% in 1998 to 31.3% in 2005, and then was maintained at around 31-32% until 2012 9) . The prevalence in children and adolescents, aged 2-18 years, amounted to 9.6%. This represented a lower rate than that of Americans in a similar age group; a prevalence of 16 .9% was seen in those aged 2-19 years in the US National Health and Nutrition Examination Survey (NHANES) in 2009-2010 9) . However, the prevalence of obesity in Korea is predicted to rise due to the more Westernized diet of Korean children today.
Obesity and dental caries are multifactorial diseases influenced by various factors, and interest in associations between them has increased. According to a systematic review published in 2006, several studies have shown associations between obesity and dental caries, whereas others have not 10) . Moreover, the methods for evaluating obesity and dental caries in the samples have been different in each study. Although a systematic review and meta-analysis in 2013 demonstrated a relationship between obesity and caries, it considered only permanent teeth 11) . Many studies have targeted adolescents and mostly permanent teeth; there has not been enough research on primary teeth. There are few national studies on children under 7 years old.
In this study, the relationship between obesity and dental caries of primary teeth was assessed in children aged 3-6 years.
Ⅱ. Materials and Method
Subjects
In total, 769 children aged 3 to 6 years in Iksan city were examined from May to August, 2014 (Table 1) .
Clinical examination
Dental examination of the subjects was performed under natural light by two investigators. The caries experience of primary teeth (dft index) were recorded according to WHO criteria 12) .
Education and training of examiners
Two trained dentists examined 30 random subjects separately twice, and then again after 1 week. The intraclass correlation coefficients (ICCs) for inter-examiner and intra-examiner agreement were above 0.9 ( Table 2 ).
Classification of obese groups
The height and weight of the children were measured using a height/weight scale (DS-102, Dong Shan Jenix Spearman' s coefficients were also determined. The significance level was set below 0.05.
Approval of Institutional Review Board
This study was approved by the institutional review board of Wonkwang University Dental Hospital (WKDIRB201403-01). Ⅲ. Results
Distribution of subjects
The mean dft index value of the 754 subjects was 3.39. In total, 501 (66.4%) had caries and 253 (33.6%)
did not (Table 4) .
Distribution of caries experience rate according to gender and obese status
There were no significant differences in caries experience between boys and girls ( Table 5 ). Children in the obese at risk and obese groups had more caries experience than did those in the normal group (Table 6 ).
Distribution of dft index according to age and BMI category
The older the children were, the higher their dft index values. The increase was especially significant between 4 and 5 years (Table 7) . There was a significant difference in dft index values between BMI groups (one-way ANO-VA and Kruskal-Wallis test). However, a post hoc test did not show significant differences between groups (Table 8) ; dft did not differ significantly between BMI categories at each age, except in the group of 3-year-olds (Table 9 ). 
Correlation coefficient
The correlation coefficients between obesity and caries experience in primary teeth were 0.083 and 0.089 using Pearson' s and Spearman' s analyses, respectively (Table   10 ). They showed an extremely weak linear correlation.
Ⅳ. Discussion
It was found that dental caries is a relatively common disease in young children from the results. The average dft index value of the subjects was 3.39, higher than that of children of the same age generally [14] [15] [16] . Most subjects were within the normal BMI category, and nearly a quarter of the subjects were in the obese at risk or obese groups. Few children were classified into the underweight group. There were significant differences in numbers of caries between the normal and obese (including obese at risk) groups. Mean dft index values tended to increase with obesity, but the difference was not significant. Moreover, the correlation coefficient for these two factors was below 0.1, indicating little direct association between the two diseases. The post hoc analysis after one-way ANOVA and Kruskal-Wallis tests also showed no significant association between them.
Similarly, Hong et al. 14) reported that there was no significant relationship between obesity and dental caries in a study of US children aged 2-6 years.
However, a significant association was found in children aged 5-6 years only. It was explained that the connection became more relevant in the older group because both diseases were linked closely with age.
Macek and Mitola 17) indicated that age may be a significant confounding variable for obesity and dental caries. For example, older children tend to watch more television, which is associated with an unhealthy diet and increased meal frequency and snack consumption.
That is, a physically inactive lifestyle for older children, not age, may increase obesity and caries. This means that caries itself could be a moderating factor in evaluating the relationship between obesity and caries. In fact, several studies have reported a significant association between obesity and caries in permanent teeth, but there have not been enough studies on primary teeth. A few studies on primary teeth have suggested no significant association.
Another factor that could explain conflicting results on the potential relationship between obesity and caries is differences in evaluation methods. Many studies that classified children by physical state used BMI percentiles from national growth charts, while others have used international standards of obesity in childhood established by the International Obesity Task Force (IOTF) [18] [19] [20] , which may be inappropriate for children of certain races.
Z scores (Z-value, standard score) of BMI have also been used 21, 22) . If a BMI range is used to evaluate obesity, a BMI percentile that considers age and gender should be used, because children with the same BMI can sometimes be classified into different obesity groups. 24) reported that obesity does not increase the risk of caries, and caries does not increase the risk of obesity. It was explained that common risk factors increase the risk of both obesity and caries, and Marshall 25) and Mobley et al. 26) reported diet as one of these factors in another study.
In this study, children in the obese at risk and obese groups tended to have higher dft indices than those in the normal group, but the results were not significant. It seems that some risk factors may affect both diseases to different degrees. However, to determine the interrelations between them is complex and difficult.
It was also found that there was no significant difference in dft index values according to gender, but they increase with age. In particular, there was a large increase from 4 to 5 years old. Kim et al. 27) reported similar results. Most children start communal feeding in kindergarten at around that age and undergo changes in diet and oral healthcare behavior. Furthermore, initial caries in proximal areas are often difficult to detect at first; they take time to develop, and rates of detection vary.
The height and weight of growing children also change. Evaluating obesity in growing children is not easy, and assessing caries risk during periods of obese status is not simple.
These confounding factors may have affected our results. Another potential limitation is the possibility of sampling bias, because the sample sizes of the 3-year and 6-year age groups were smaller than the other groups.
Future research should include appropriate evaluations of obesity and caries, analyses controlling other variables, and larger sample sizes to obtain more conclusive results. Dentists, parents, teachers, and other healthcare providers should help children to maintain good oral and physical condition.
Ⅴ. Conclusions
This study found no statistically significant relationship between obesity and dental caries in primary teeth.
Further research is needed to support programs of obesity management and oral healthcare in young children.
